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ABSTRACT.— This study represents the first attempt to inventory 
and evaluate the mammals associated with pocosins and Carolina 
bays. During a 4-year period, approximately 17,000 trap-nights and 
200 field-days in 12 North Carolina habitat types produced specimens 
or signs of 40 species of mammals. Early, intermediate, and advanced 
serai stages of pocosin-associated plant communities varied considera- 
bly in faunal composition. Species regularly trapped or observed 
included Blarina sp., Pipistrellus subflavus, Sylvilagus palustris, Sciu- 
rus carolinensis, Peromyscus gossypinus, Ochrotomys nuttalli, Uro- 
cyon cinereoargenteus, Procyon lotor, and Odocoileus virginianus. 
Additional uncommon or geographically restricted, but apparently 
regular, associates were Condylura cristata, Plecotus rafinesquii, 
Oryzomys palustris, Microtus pennsylvanicus, Synaptomys cooperi, 
and Ursus americanus. Most mammal associates are ubiquitous spe- 
cies. Although total documented diversity is high, a large percentage of 
the fauna is either associated with edges of communities or of irregular 
occurrence. At least eight species and several additional subspecies 
reach the northern or southern limits of their ranges in pocosin-rich 
areas. 

Fires, storms, and certain man-related disturbances, by creating a 
patchy mosaic of habitats, seem to exert positive influences on mam- 
mal density and diversity in pocosin communities. Since uninterrupted 
or unaltered successional development eventually leads to minimal 
habitat diversity, management of extensive pocosin areas is desirable if  
mammal diversity is to be maintained. 

INTRODUCTION 
Recent authors have commented on the almost complete lack of 

information on the vertebrates associated with Carolina bays, pocosins 
and successionally related southeastern Coastal Plain habitats (e.g. Wil-  
bur 1981; Sharitz and Gibbons 1982). Although some mammal surveys 
have been conducted within or adjacent to pocosin habitats, published 
reports have addressed taxonomic status or geographic, not ecological, 
distribution, making it difficult to relate most existing information to 
specific plant communities. The most notable of these studies have been 
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various investigations of the Dismal Swamp fauna of northeastern 
North Carolina and southeastern Virginia  (e.g. Merriam  1895a,b, 1896; 
Handley 1979). Rose (1981a) investigated mammals associated with 
"openings"  in the Dismal Swamp. Sharitz and Gibbons (1982) presented 
some preliminary  information  on studies they are conducting in South 
Carolina bays, but only three mammal species—Blarina brevicauda, 
Reithrodontomys humulis and Sigmodon hispidus—were mentioned. 
Lee et al. (1982) provided preliminary  mammal species lists for the var- 
ious plant communities in North Carolina, including information  on 
pocosins and Carolina bays. With  these exceptions, information  on the 
mammal fauna of these specific systems was previously unavailable. 
From 1980 to 1985 we surveyed the mammals of pocosins, Carolina 
bays, and their associated plant communities in the North Carolina 
Coastal Plain in order to obtain a better understanding of diversity and 
relative density of the mammal fauna. 

Considering the widespread geographic distribution  of pocosins 
and Carolina bays it is quite surprising that their vertebrate fauna is so 
poorly known. There are estimates of over 55,000 Carolina bays between 
southern Maryland and Florida (Sharitz and Gibbons 1982). Wells 
(1946) estimated pocosin habitats to have originally  occupied over 20 
percent of the Coastal Plain of North Carolina alone, and noted that 
there were over 300 square miles of pocosin in just three southeastern 
North Carolina counties. Since that time a good percentage of these 
areas have been drained, partially  drained, and cleared for agricultural  or 
silvicultural  purposes, and some areas have been dammed to create mill  
ponds. Other areas have been protected from fire for so long that the 
plant communities have progressed beyond pocosin serai stages. 

There is some uncertainty about the extent of loss of such habitats 
and the need for concern. Heath (1975) and Richardson (1981) provided 
general summaries of the decline of these wetlands, and most subse- 
quent studies relied on these sources as the basis for major concern for  
pocosin habitats. Originally,  Richardson (1981) stated that only 31 per- 
cent of North Carolina pocosins remained in a natural state, but 
Richardson (1983) acknowledged that his data sources were in error.  
McMullan  (1984) suggested that the reasons for concern may be less 
serious than previously stated, owing to faulty data sources and incom- 
plete or nonexistent inventories. McMullan  (1984) also demonstrated, 
through an analysis of a 300-year historical land use study of the 
Albemarle-Pamlico peninsula of North Carolina, that pocosin commun- 
ities have persisted in spite of a long history of clearing and draining, 
and many present-day pocosins have developed (or redeveloped) on 
abandoned farm lands. Assuming that the more recent reports are cor- 
rect, it appears that the original estimates of habitat loss were too high. 
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Furthermore, because little information on the vertebrate fauna asso- 
ciated with pocosins is available, definitive statements made by previous 
authors concerning wildlife values of pocosins were premature. Cur- 
rently, discussions about the unique biological value of pocosins and 
Carolina bays on the one hand, and consideration for their use in agri- 
business, silviculture, peat mining, and waste disposal on the other, are 
commonplace, but in most cases detailed information on which to base 
management decisions is lacking. 

Although the information presented here pertains only to North 
Carolina, we suspect that our findings could apply generally to other 
pocosins and Carolina bays in the southeast. However, we have little 
experience with these communities outside North Carolina. Our efforts 
to date have been focused on making species inventories of a large 
number of different communities throughout the North Carolina 
Coastal Plain. While we consider our results more than preliminary, prob- 
lems associated with sampling the wide array of Carolina bays and 
pocosin communities make it impractical at this time to compare rela- 
tive abundance and density of species in specific habitat types based on 
cumulative trap-night success. Additional studies are planned to develop 
more elaborate population profiles for specific pocosin plant 
communities. 

HABITATS STUDIED 

Pocosin habitats are defined with difficulty, since considerable con- 
fusion persists in the use of the term. It originated from the Algonquin 
Indian word "poquosin" and is one of the few Algonquin words 
adopted by European settlers. Tooker (1899) provided a detailed discus- 
sion of the origin, meaning and use of the term. In tracing its early use, 
by both Indians and early settlers, Tooker found that "pocosin" referred 
to a wide variety of low, wet areas extending from New England through 
the Carolinas. Among European settlers, the term was locally inter- 
changeable with "dismals" and "galls" for describing swampy thickets. 

Botanists and ecologists have likewise used the word to describe a 
variety of low, wooded, wetland habitats, and in many instances the 
terms bay, bayhead, shrub bog, or evergreen shrub bog have been used 
to describe pocosin vegetation types. The term "bay" is particularly con- 
fusing because it refers to a number of successional stages of Southeast- 
ern wetlands that support several species of bay trees (Sweet Bay, Mag- 
nolia virginiana; Red flay, Persea borbonia; and Loblolly  Bay, Gordonia 
lasianthus), while the term Carolina bay, partly named for the presence 
of bay trees, refers to elliptical depressions that often support pocosin 
vegetation. Carolina bays are permanent geological features and often 
are specifically named sites (e.g. Wolf Bay, Bladen County), while the 
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bay forests are successional stages of wetlands. Strict definition and 
delimitation are further hampered by the fact that many pocosins are 
situated within extensive palustrine systems and/or border estaurine 
systems. Such mixed areas often provide a rich mosaic of wetland habi- 
tats involving broad zones of transition and complex successional pat- 
terns. Extensive areas called pocosins are, in fact, often composed of 
swamp forest, hardwood forest, and marshes. There seems to be no pre- 
cise botanical definition of pocosin, but the tongue-in-cheek description, 
"any low, wet area so thick you can't walk through it", captures well the 
nature of a pocosin. 

POCOSINS 

Wells (1946) provided a general botanical analysis of pocosins in 
Holly Shelter, Pender County, North Carolina, and Kologiski (1977) 
investigated the vegetative communities of the Green Swamp, including 
several types of pocosin, savanna and related successional communities. 
Buell and Cain (1943) described the successional role and ecological 
requirements of Atlantic White Cedar, Chamaecyparis thyoides, forests 
in southeastern North Carolina. White cedar forests and savannas are 
both closely allied with pocosins. Additionally, Wells (1932), Woodwell 
(1956), and Sharitz and Gibbons (1983) provided overviews of pocosin 
vegetation, and Wells and Whitford (1976) presented a good outline of 
the successional development and fate of stream-head swamp forests, 
pocosins, and savanna communities. 

CAROLINA BAYS 

Carolina bays vary in size from only a few to many hundreds of 
hectares, and an exposed sand rim of varying width normally occurs 
around a bay's perimeter. These depressions are naturally wetter at all 
seasons than are most surrounding areas, contrasting markedly with the 
dry sand rims, which support xeric plant communities. Most Carolina 
bays house pocosin communities in various serai stages, but some also 
contain sizable lakes, ponds, marshes, bogs, and swamps. In many bays, 
natural fire has been suppressed so long that the plant communities in 
them are now mature deciduous bay forests. The elliptical shape and the 
tendency for the deepest portion of the depression to be southeast of 
center often causes concentric vegetative zonation rings in the interior of 
the bays as well as an ecotonal ring around the perimeter. This type of 
vegetative zonation occasionally allows for considerable faunal diver- 
sity, even in small areas. 

A vegetative profile of one Carolina bay near Jerome, Bladen 
County, was provided by Buell (1946a,b). We found, however, that by 
1983 the area had been drained and lumbered so extensively that this 
bay no longer resembles Buell's description. This is unfortunate since it 
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was the only North Carolina bay where animal communities could have 
been related to a published vegetational analysis. 

Unlike most other pocosin sites, Carolina bays are often located 
within xeric and mesophytic systems. Their islandlike nature often 
makes them more visually delineated and ecologically discrete. The wide 
spectrum of successional stages, combined with their close proximity to 
each other, makes them excellent study sites. In one of our principal 
study areas in Bladen County, bays are highly concentrated and succes- 
sional stages probably achieve their greatest diversity. 

COMMUNITY DEVELOPMENT AND STRUCTURE 

Various environmental factors dictate the type of pocosin commun- 
ity that develops on a particular site. The most conspicuous factors are 
surface and subsurface soil types, hydroperiod, and fire. The importance 
of the regularity and intensity of fire as it relates to season, hydroperiod, 
wind, and the accumulation of combustible vegetation cannot be over- 
stated. Natural fires, and those started by Indians for game exploitation 
and later by Europeans for livestock range management, were all impor- 
tant for long-term maintenance of various serai stages of pocosins. Fire 
exclusion policies of the middle part of this century were detrimental to 
certain communities (particularly savannas), but recent understandings 
of the importance of regular controlled burning in certain Southeastern 
vegetation types for game and habitat enhancement and for wildfire 
control has, in part, alleviated this problem. 

The characteristic and conspicuous plants of pocosins and Carolina 
bays are comparatively few. In most instances each species occurs in a 
majority of the vegetative community types and only its relative abun- 
dance or growth form changes. These variations in relative composition, 
however, may be dramatic, both visually and ecologically. The major 
plant associates (alphabetically by genus) are Red Maple, Acer rubrum; 
Wire Grass, Aristida stricta\ Atlantic White Cedar, Chamaecyparis 
thyoides; Titi,  Cyrilla racemiflora; Loblolly  Bay, Gordonia lasianthus; 
Sweet Gallberry, Ilex coriacea; Inkberry, Ilex glabra', Fetterbush, Lyonia 
lucida; Sweet Bay, Magnolia virginiana; Black Gum, Nyssa sylvatica\ 
Red Bay, Persea borbonia; Pond Pine, Pinus serotina; Bamboo, Smilax 
laurifolia;  Pond Cypress, Taxodium ascendens; and Honey-cup, Zeno- 
bia pulverulent a. Species less uniformly distributed include Lamb-kill, 
Kalmia Carolina; gooseberries, Vaccinium sp.; rushes, Juncus sp.; sedges, 
Carex sp.; Loblolly  Pine, Pinus taeda; Longleaf Pine, Pinus palustris; 
and Cane, Arundinaria gigantea. These latter species are, however, 
often the dominant vegetation on certain sites. 

Major pocosin community types include shrub bogs with scattered 
Pond Pine overstory, mixed conifer-hardwood shrub bogs, and pine- 
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shrub savannas. Early successional stages of all these types appear to be 
grass-sedge communities and later ones mature conifer-hardwood and 
evergreen bay forests. With long-term absence of fire, all eventually 
become deciduous bay forests. In these later stages cypress and Black 
Gum emerge on the sites with protracted hydroperiods, and Sweet Gum, 
Liquidambar styraciflua, and pines grow on drier ones. Thus, pocosins 
in general can be viewed as intermediate successional communities, 
often maintained in a subclimax stage by fire and hydroperiod, with the 
mature vegetational stages being suppressed for long periods on the wet- 
test sites but developing relatively quickly on drier ones. Figure 1 
depicts our perception of a general successional model of pocosin com- 
munities. Figure 2 shows various examples of the communities discussed. 

Development of white cedar forests is unusual in that this species 
needs fire or other disturbance to remove vegetation so seedlings can 
develop. However, extremely hot fires destroy the peat soil and dormant 
seeds, and white cedar forests do not appear. Conversely, low intensity, 
fast moving fires do not destroy enough of the root stocks of competi- 
tive shrubs for cedar to become well established. When established, 
white cedar is extremely fire susceptible and persists only in the absence 
of fire. Young white cedar forests are usually pure, nearly even-age 
stands, and the density of such forests often inhibits the establishment 
of other tree species for about 40 years. After that time the trees begin 
to thin out and the nature of their crowns changes, which permits light 
to penetrate to the forest floor. At this stage bay forests develop rapidly, 
although individual white cedar trees may persist for long periods. The 
open savanna community requires a periodic disturbance by fire. If  fire 
is suppressed for several consecutive years, many characteristic savanna 
plants vanish. (The above analysis is summarized from Wells 1946; 
Buell and Cain 1943; Kologiski 1977; Wells and Whitford 1976; and our 
personal observations.) 

We have included the sand rims associated with Carolina bays and 
Coastal Plain stream-head forests in our discussion of animal distribu- 
tions. In both sand rim and stream-head forest communities, fire plays 
an important role in maintaining community structure. The stream-head 
forest communities were considered by Wells and Whitford (1976) to be 
vegetatively similar to certain pocosin communities and we have also 
found them to be similar faunistically. Plant communities of the sand 
rims, while in direct contrast to pocosin vegetation types, are a charac- 
teristic vegetational feature of Carolina bays and are included in our 
discussion. These sand rims are dominated by Longleaf Pine; Turkey Oak, 
Quercus laevis; and Wire Grass. 
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Fig. 1. Suggested pattern of vegetation development of pocosins and associated 
communities as related to disturbance, time, and hydroperiod (from Lee, in 
manuscript. Breeding bird communities in pocosins.) 

METHODS 
Almost 17,000 trap-nights were involved in this study. (Trap-nights 

equal the number of baited traps multiplied  by the number of nights the 
traps are in place). Trap-night  success is the percentage of catch per 
trap-night  effort. Most trapping was done with Museum Specials baited 
with peanut butter, but Sherman live traps (2 sizes), Conibear, leg hold, 
Have-a-Hart type live traps, and mole traps were also used. Traps were 
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Fig. 2. Habitats discussed in text. A. Aerial view of Carolina bays in Bladen 
County; note development of sand rim. B. Clay-based Carolina bay in Hoke 
County, vehicle parked on sand rim. C. White cedar forest in Green Swamp, 
Brunswick County; shrub bog in foreground. Note natural opening in mature 
forest, caused by storm damage. D. Pine-shrub bog, Bladen County. E. Juncus 
marsh developing in roadside ditch next to deciduous bay forest, Dare County. 
F. Pine-Wire Grass savanna, Carteret County. G. Longleaf Pine-Turkey Oak sand 
rim, Hoke County. H. Stream-head forest, Hoke County. 



10 Mary  K. Clark,  David S. Lee, John B. Funderburg, Jr. 

selectively placed within  particular  plant communities rather than dis- 
tributed  in grid patterns. Pitfall  traps at two study sites, with and with-  
out drift  fences, were left in place for extended periods and, although 
not included in our trap tallies, represent thousands of additional trap-  
nights. In addition, museum records, interviews with local residents, 
trappers and others familiar  with the areas studied, personal sight 
records, and examinations of tracks and other sign, were used in compil- 
ing the faunal list presented here. Additional random information  
obtained from over 200 field-days and 25 evenings of mist netting and 
shooting bats is also included. 

All  North Carolina pocosins and Carolina bays that had been 
extensively studied and described in publications were visited to ensure 
that the community terminology used here was in general agreement 
with that of past studies. The difficulty  of trapping small mammals in 
the Coastal Plain in general, of trapping in pocosins in particular,  and 
unequal field effort in various community stages or areas, make it  
unlikely that our mammal lists for each plant community are definitive 
(bat information is particularly  scarce). Because many of the areas 
studied are in transition from one community type to another, and many 
of our records are from ecotonal areas and disturbed or altered sites, 
assessing the species composition of specific communities is difficult.  

The mammal fauna of Carolina bays, pocosins, and associated 
communities was studied in parts of Bladen, Brunswick, Carteret, Curri-  
tuck, Dare, Hoke, Moore, Pasquotank, and Pender counties, North 
Carolina, between October 1979 and April  1984 (Fig. 3). Sites were not 
inventoried with equal field effort. The following sites were studied 
(total trap-nights per county are in parentheses): Bladen Co. (4,009)— 
Bay Tree Lake (Black Lake), Jones Lake, Little  Singletary Lake, Salters 
Lake, Singletary Lake, Suggs Mill  Pond (Horseshoe Lake), White Lake, 
one unnamed bay 3.2 km east of Kelly on NC 53, and another 17.8 km 
east of Kelly on NC 53. Brunswick Co. (266)—Green Swamp, 17.8 km 
north of Supply on NC 211; Sunny Point area. Carteret Co. (335)— 
Croatan National Forest, 4.8 km east of Newport. Columbus Co. 
(219)—Lake Waccamaw (town), Lake Waccamaw State Park. Curri-  
tuck Co. (2,123)—Coinjock area and northward. Dare Co. (3,675)— 
mainland between US 64 and US 264. Hoke Co. (4,400+)—North Caro- 
lina Biological Survey Study Site at McCain. Moore Co. (200)—Wey- 
mouth Woods State Park. Pasquotank Co. (1,261)—Dismal Swamp, 
"Big  Ditch."  Pender Co. (0)—Holly Shelter Game Management area. 
The Currituck  and Pasquotank counties data are from the eastern and 
southern edge of the Dismal Swamp, but include no true pocosin habi- 
tats. Nevertheless, the comparative geographic and abundance informa- 
tion obtained from these sites is informative. Specific specimen records 
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Fig. 3. Pocosin communities and Carolina bays in North Carolina (darkened 
areas; modified from Richardson 1981). Numbers correspond with study sites. 
Dismal Swamp area: (1) Currituck Co., Coinjock; (2) Pasquotank Co., "Big 
Ditch." Pocosins and savannas: (3) Dare Co. mainland, near East Lake; (4) 
Carteret Co., Croatan National Forest, 4.8 km east of Newport; (5) Pender Co., 
Holly Shelter Game Management Area; (6) Brunswick Co., Green Swamp, 17.8 
km north of Supply. Carolina bays and sand rims: (7) Columbus Co., Lake 
Waccamaw; (8) Bladen Co., Bladen Lakes; (9) Hoke Co., N.C. Biological Sur- 
vey Study Site, McCain. Stream-head forest: (9) Hoke Co., Biol. Survey Site, 
McCain; (10) Moore Co., Weymouth Woods State Park. 

of only the more unusual species are cited in the following accounts. 
Plant names are from Radford et al. (1964). 

RESULTS 
Forty-one species of mammals were found in or adjacent to poco- 

sins and Carolina bays. Fauna was composed of 1 species of marsupial, 5 
insectivores, 8 bats, 2 rabbits, 15 rodents, 8 carnivores, and 2 hoofed 
mammals. Only 2 of these 41 species are exotics, and interestingly 
neither Myocaster nor Rattus was encountered. Two additional species, 
recently extirpated, are known to have been inhabitats of pocosin com- 
munities. Documented occurrence of extant species and trap success is 
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presented for 12 habitats in Table 1 and for the 10 Coastal Plain coun- 
ties surveyed in Table 2. Typically, only 10 mammal species were 
encountered on a regular basis, and only 8 species were found in 50 
percent or more of the habitats studied. However, 20 species were 
recorded in 50 percent or more of the counties surveyed, suggesting that 
habitat was far more locally restrictive to distribution than was geo- 
graphy. Disturbed habitats with early successional communities yielded 
the greatest diversity and density. 

During this study only 366 mammal specimens were trapped in 
9,472 trap-nights, but many additional animals were obtained by other 
means, and approximately 450 specimens were taken from borders of 
pocosin communities (7,000+ trap-nights). A composite trap yield suc- 
cess for all pocosin habitats sampled was 5.13 percent; trap success was 
generally higher for surrounding communities. Voucher specimens and 
series of the common species collected at each study site are deposited in 
the mammal collection of the North Carolina State Museum (NCSM). 

SPECIES ACCOUNTS 

Marsupialia: Opossums 
Didelphis virginiana virginiana Kerr, Virginia Opossum. Although 

common throughout a wide range of Coastal Plain habitats and abun- 
dant in certain parts of Bladen County, the opossum is not usually asso- 
ciated with pocosins or Carolina bays and individuals were rarely 
observed in or around these habitats. Only one specimen was taken 
from the Dare County mainland and over a four-year period few road- 
killed individuals were seen there. This species is only slightly more 
common on the sand rims of bays. 

Insectivora: Shrews and Moles 
Sorex longirostris ssp., Southeastern Shrew. This shrew is uncommon 

but is found in a wide variety of habitats, including sand ridges adjacent 
to stream-head forests with dense ground cover of Aristida, shrubby 
ecotones of stream-head forests, /wwci/s-dominated clearings, and ever- 
green and deciduous bay forests. In Bladen, Dare and Hoke counties 
the subspecies represented is Sorex I. longirostris Bachman. Pagels et al. 
(1982) noted that their records for this race were evenly divided between 
open fields and young forests where ground cover is heavy. One speci- 
men of Sorex I. fisheri Merriam (NCSM 2723) was collected by us in a 
swamp forest in Currituck County. Rose (1981a) collected individuals of 
fisheri in openings dominated by herbaceous vegetation in the Dismal 
Swamp. Both races are apparently absent from typical pocosin (shrub 
bog) communities. 

Blarina sp., Short-tailed shrews. The systematics of Blarina in the 
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southeastern Coastal Plain of North Carolina is in need of study. Even 
though the area is within the range of B. carolinensis, specimens we 
have obtained from Carolina bays, principally in Bladen County, are of 
a large form closely approaching B. brevicauda in size and appearance. In 
upland areas of Bladen County, however, we found only B. carolinensis. 
French (1981) reported large specimens of Blarina from Sampson 
and Columbus counties and also remarked on the need for additional 
work on this genus in the North Carolina Coastal Plain. The large 
forms we collected were found in mature evergreen bay forests. Blarina 
brevicauda telmalestes occurs in pocosins and associated communities in 
northeastern North Carolina, and for many years it was known only 
from the Dismal Swamp region. Paul (1965), however, reported the 
subspecies in Hyde County, and we found it at several sites in Dare, 
Currituck, and Pasquotank counties. We have also found B. b. telma- 
lestes as well as a large Blarina (presumably also B. b. telmalestes) in a 
wide range of successional communities in southeastern North Carolina, 
but most of our records are from wet forest floors. 

Cryptotis parva parva (Say), Least Shrew. The Least Shrew is a 
common and characteristic species of Longleaf Pine-Turkey Oak-Wire 
Grass associations, sand rims of Carolina bays, Wire Grass savannas, and 
early successional communities with open canopies and dense ground 
cover. This shrew is not expected to occur in typical pocosin vegetative 
stages, although it frequently was collected in pitfall traps at several of 
the sand rim study areas. 

Scalopus aquaticus howelli (Jackson), Eastern Mole. The Eastern 
Mole is characteristic of sand rims of Carolina bays, but is uncommon 
or absent from lower and wetter portions of Carolina bays, pocosins, 
and savanna habitats. Eastern Moles commonly invade partly drained, 
disturbed areas and may range into damper soils for short distances, but 
in wetter systems they are probably replaced by Condylura. The Eastern 
Mole was not found in the extensive palustrine system of Dare County. 

Condylura cristata parva (Paradiso), Star-nosed Mole. The few 
Coastal Plain records for the Star-nosed Mole are probably an artifact 
of the difficulty encountered in trapping this species. Normally it is 
limited to damp areas around springs, creek bottoms, and bogs. Mole 
runs encountered in a stream-head forest in Hoke County and around 
the wet margins of Carolina bays in Bladen County were almost cer- 
tainly made by this species. Hall (1981) listed Condylura from the Dis- 
mal Swamp in Virginia and from Garland near White Lake, a Carolina 
bay in Bladen County. We have additional records from the following 
Coastal Plain localities: New Hanover Co., Carolina Beach (NCSM 
3243);   Washington Co., Wenona (NCSM records); Pitt Co., precise 
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locality not identified (NCSM records); Robeson Co., Lumberton 
(NCSM records); and Scotland Co., near Laurinburg (NCSM 3037). 
Most of these records, if  not all, are associated with Carolina bays and 
mature bay forest communities. 

Chiroptera: Bats 

Lasionycteris noctivagans (LeConte), Silver-haired Bat. On the even- 
ing of 7 April 1984 we collected 2 (NCSM 4179-80) of 20 or 25 of these 
bats while they were foraging over a borrow pit pond in Brunswick 
County. The pond was in a savanna and the direction from which the 
bats emerged indicated that they were roosting either in the savanna, in 
a shrub-savanna-pocosin, or in both. The bats were foraging with Lasiu- 
rus cinereus and Nycticeius humeralis, and Lasionycteris became more 
abund.ant as darkness approached. Searching above the pond after dark 
with high intensity spotlights, however, revealed few bats. Silver-haired 
Bats are uncommon spring and fall migrants and winter residents on the 
North Carolina Coastal Plain (Lee et al. 1982). The normal period of 
occurrences for the species in eastern North Carolina is documented 
from 17 November to 3 May (100 years of records from NCSM files). 

Pipistrellus subflavus (F. Cuvier), Eastern Pipistrelle. This small bat 
is common in low pine-shrub bogs but is expected in most of the other 
vegetation types discussed. Approximately 25 pipistrelles were seen feed- 
ing at treetop level in Holly Shelter, Pender County, on 25 July 1983; 2 
of them (NCSM 4064-5) were collected. A single specimen (NCSM 
4181) was collected of three found in 1983 in an abandoned house near 
Lake Waccamaw, Columbus County. Three specimens (NCSM 3535-6, 
3725) were taken on various dates while they foraged over a pond in 
Hoke County. This site, dominated by Turkey Oak-Longleaf Pine habitat, 
is adjacent to a small Carolina bay and extensive stream-head forest. 

Eptesicus fuscus fuscus (Palisot de Beauvois), Big Brown Bat. This 
bat is not particularly common on the outer Coastal Plain of North 
Carolina. A single specimen (NCSM 3888) was taken and one other 
observed, in an opening in a deciduous bay forest at Buffalo City, Dare 
County, on 27 April 1983. Another specimen (NCSM 3846) was col- 
lected on 6 July 1982 at McCain. Additionally, we saw a bat that 
appeared to be this species foraging adjacent to and over a pine-shrub 
bog in Pender County. In Bladen County, the Big Brown Bat was occa- 
sionally found associated with Plecotus rafinesquii in abandoned 
buildings. 

Lasiurus borealis borealis (Muller), Red Bat. Red Bats were regularly 
seen feeding at subcanopy height above roads and other openings in all 
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mature forest types, as well as over water, in all study areas. Single 
specimens were collected from the sand rim  at Singletary Lake and Sal- 
ters Lake, Bladen County; the specimen from Salters Lake was col- 
lected while it was foraging on 20 February 1984. Records from Dare 
and Hoke counties indicate that this bat is also common above both 
xeric and palustrine communities, and we saw individuals feeding over 
study sites in Pender County. We have several times observed Red Bats 
migrating by day (April)  through Pond Pine-shrub bogs. 

Lasiurus seminolus (Rhoads), Seminole Bat. We have a specimen of 
this species (NCSM 3701) collected over the sand rim adjacent to a 
Carolina bay in Hoke County. Bill  Adams, U.S. Army  Corps of Engi- 
neers, has collected many of these bats over large bodies of water in 
southeastern North Carolina (NCSM). We therefore find it likely that 
Seminole Bats occur regularly over many bay lakes. 

Lasiurus cinereus cinereus (Palisot de Beauvois), Hoary Bat. Migrants 
and winter residents of this species were seen and collected adjacent to 
savannas, pine-shrub bogs, bay forests, and similar areas. We think  they 
were seeking cleared, open areas for foraging and were not found in 
pocosins per se. We have also observed the Hoary Bat over large rivers 
in the southeast and suspect that it regularly forages over bay lakes. The 
thick vegetation of white cedar and evergreen bay forests provides 
potential roost sites, but roosting in these habitats has not been con- 
firmed. We saw a Hoary Bat flushed from a hollow stump during a 
controlled winter burn of a stream-head forest and sand ridge at Wey- 
mouth Woods State Park, Moore County, and several were seen in the 
spring of 1984 foraging over a borrow pit pond in a Brunswick County 
savanna. Our documentation indicates that dates of occurrence range 
from 28 September to 17 April.  

Nycticeius humeralis humeralis (Rafinesque), Evening Bat. The Even- 
ing Bat was commonly seen flying at canopy height in savannas, and 
along the edges of mature bay forests and swamps adjacent to fields. We 
were told of a local pest exterminator who gassed and removed "bucket-  
fulls"  of these bats from a boathouse on White Lake, Bladen County. In 
July 1983 we collected one specimen of many seen flying over a savan- 
na in Brunswick County. The stomach of this bat, collected during late 
dusk, was already filled with fragments of recently consumed insects. 

Plecotus rafinesquii macrotis (LeConte), Rafinesque's Big-eared Bat. 
We have numerous records of this rare bat from the Bladen Lakes area, 
Bladen County, although only four of them were directly associated 
with bays. One individual  was reported by a local property owner in a 
hollow Black Gum cut from the edge of White Lake, another was seen 
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by us in an abandoned hotel on this lake, one (NCSM 4018) was from 
an abandoned building at Lake Waccamaw, and another was found on 
a building at Singletary Lake State Park (NCSM records). The Dismal 
Swamp, where Handley (1959) reported Plecotus collected from hollow 
cypress trees in Lake Drummond, is the northernmost locality for this 
species on the Atlantic Coastal Plain. We have a specimen (NCSM 
3938) from the southeastern edge of the Dismal Swamp, Gates County, 
and recent records from Dare County. Unpublished studies by Lee and 
Clark show that on the Coastal Plain this bat is restricted to river 
swamps and bay lakes bordered by mature swamp forests. 

Lagomorpha: Rabbits 
Sylvilagus palustris palustris (Bachman), Marsh Rabbit. The Marsh 

Rabbit is common in nearly all stages of pocosins, although it is most 
abundant in ecotonal areas adjacent to clearings, roads, canals, and lake 
edges. At Bay Tree Lake, Bladen County, we found it to be sympatric 
with Sylvilagus floridanus in a low Pond Pine-shrub pocosin adjacent to 
the lake. Bill  Adams (pers. comm.) reported this same situation in a 
pocosin in Brunswick County. 

Sylvilagus floridanus (Allen), Eastern Cottontail. This rabbit is char- 
acteristic of but not common on sand rims, and is rare to absent in most 
pocosin and Carolina bay areas. We did not encounter a single rabbit of 
this species on the Dare County mainland except around residential 
areas. So many other races of this rabbit have been stocked in eastern 
North Carolina that subspecific recognition of the original native form, 
Sylvilagus/. mallurus, probably has little meaning. 

Rodentia: Rodents 
Sciurus carolinensis carolinensis (Gmelin), Gray Squirrel. The Gray 

Squirrel is. common in many stream-head forests, pocosins with mature 
trees, and bay and swamp forests. It is particularly common in areas 
dominated by mature Pond Pine where it forages extensively on cones. 
It is recorded from most mature habitats, both natural and disturbed, 
and is occasionally seen crossing sand rims, but is apparently absent 
from savannas. In Dare County we found extensive Gray Squirrel use 
of habitats containing mature Pond Pine. These trees retain their seeds 
for long periods, and fire is a major triggering mechanism for seed 
release. Thus, mature cones are available throughout the year and 
represent a major, and perhaps in some areas exclusive, food source. 

Sciurus niger niger (Linnaeus), Fox Squirrel. This species is not usu- 
ally regarded as a pocosin associate. The sand rims of Carolina bays, 
however, provide the open, fire-maintained pine forests that Fox Squir- 
rels prefer and here they are often common. They do forage in stream- 
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head forests, and we have seen them regularly taking cover and foraging 
along the edges of pocosins. Although savannas would appear to pro- 
vide ideal habitat for this squirrel, it occurs in them only when the 
savannas are adjacent to upland areas with oaks that provide the mast 
on which the squirrel depends. Most savanna records are from the fall. 

Glaucomys volans volans (Linnaeus), Southern Flying Squirrel. The 
Southern Flying Squirrel is probably present at most sites inhabited by 
Gray or Fox squirrels, but we have no records from pocosins. A nest 
with young was discovered in the 100-foot fire tower at Jones Lake, 
Bladen County, in 1983, and the species is abundant on sand rims at the 
Hoke County study site where we regularly found Glaucomys in hollow trees 
and bird nest-boxes in ecotonal areas of stream-head bay forests and a 
Carolina bay. It is present but apparently not common in savannas, and 
often is found in cavities made by the Red-cockaded Woodpecker, 
Picoides borealis. 

Castor canadensis Kuhl, Beaver. The Beaver was extirpated from 
North Carolina in the early 1900s, but was later restocked and is mak- 
ing a successful comeback. Castor is not a conspicuous or important 
part of the mammal fauna of pocosins and Carolina bays at this time. 
Active colonies exist on the Hoke County study area at McCain, in 
close proximity to Jerome Bog and Suggs Mill  Pond, Bladen County, 
and along the southwestern edge of the Dismal Swamp. Flooding and 
removal of many larger trees by beavers maintain boggy areas in which 
many of the characteristic pocosin shrubs thrive. Both the southeastern 
Castor c. carolinensis (from Alabama), the subspecies native to North 
Carolina, and the northern form, canadensis, have been stocked on 
North Carolina's Coastal Plain. 

Oryzomys palustris palustris (Harlan), Rice Rat. The Rice Rat prefers 
marshes and other open, wet areas abundant with grasses, rushes, and 
sedges, but such habitats do not usually occur in those pocosins or 
Carolina bays with intermediate or advanced successional development. 
One specimen of Oryzomys was trapped in a clearing at Little Singletary 
Lake, a Carolina bay in Bladen County, and another was taken in an 
evergreen bay forest in Dare County. Fire and man-made disturbances 
create or maintain early successional stages, and in such habitats the 
Rice Rat is often abundant. 

Reithrodontomys humulis humulis (Audubon and Bachman), Eastern 
Harvest Mouse. Typically associated with early successional stages of 
pocosin communities, this mouse appeared to be equally common on 
both wet and dry soils, and was also present on higher ground adjacent 
to estuarine systems. Harvest mice were most common in unnatural dis- 



22 Mary  K. Clark,  David S. Lee, John B. Funderburg, Jr. 

turbed areas, trash piles, mowed road shoulders, and agricultural  areas. 
We have no records from wooded habitats, although the species is 
found on the sand rims of Carolina bays and probably occurs in open 
savannas. 

Peromyscus leucopus leucopus (Rafinesque), White-footed Mouse. 
On sand rim areas in Hoke and Bladen counties this mouse replaces 
Peromyscus gossypinus, but it is present in extremely low densities and 
trapped regularly only around trash piles and other places with ample 
cover. The species was more widespread in Dare County. In recently 
disturbed areas, it occurred sympatrically with P. gossypinus but was 
seldom as common. We found P. leucopus in drained mature deciduous 
bay forests with good ground cover off US 64 in Dare County, but 
failed to find P. gossypinus there. This was the only "natural"  site where 
we collected leucopus in any vegetation stage remotely related to 
pocosin habitats. 

Peromyscus gossypinus gossypinus (LeConte), Cotton Mouse. The 
Cotton Mouse was the most common species collected during our 
study. All  pocosins, Carolina bays, stream-head forests, and swamps 
with woody vegetation, and most disturbed sites, were inhabited by 
these mice. We also collected specimens from clear cut pine-shrub 
pocosins. 

Ochrotomys nuttalli aureolus (Audubon and Bachman), Golden 
Mouse. Ochrotomys was common in mature forests in all areas studied, 
and occurred sympatrically with Peromyscus gossypinus. We found the 
Golden Mouse to be common in flooded Pond Pine-cane pocosins in 
Dare County, and in evergreen bay and stream-head forests. It  was 
most common in ecotonal areas where light permitted vines (particu-  
larly  Smilax) to flourish, and absent from savannas, sand rims, and 
unforested habitats. 

Sigmodon hispidus komareki (Gardner), Cotton Rat. The Cotton Rat 
was most commonly associated with dry, early successional stages, Wire 
Grass savannas, and various disturbed communities, and was uncom- 
mon on sand rims dominated by Wire Grass. At Bay Tree Lake we found 
a few Sigmodon in the detritus line along the eastern shore of the lake. 
Interestingly, these rats were not at all common on the Dare County 
mainland, and those that we did find were not in natural communities. 
At one Dare County site, where the plant community in a roadside 
swale matured from Juncus to grasses and shrubs over a 2-year period, 
Sigmodon replaced Microtus. The Cotton Rat apparently is absent 
from the Dismal Swamp (Handley 1979), although we have records 
from the southern and western edges of the swamp. 
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Microtus pennsylvanicus nigrans (Rhoads), Meadow Vole. The Mea- 
dow Vole was abundant in wet, early successional communities on the 
Albemarle-Pamlico peninsula. We found it wherever Juncus was domi- 
nant, and in Spartina marshes and road shoulders bordering pocosins. 
Dark individuals, which appeared to be Microtus p. nigrans, were col- 
lected as far west as Gates County, along the western edge of the Dismal 
Swamp, and on the Dare County mainland. Except for a few barrier 
island and salt marsh populations of Microtus p. pennsylvanicus, the 
Meadow Vole does not occur on the Coastal Plain south of Pamlico 
River. Consequently, it was not caught in any of our study sites in south- 
eastern North Carolina. 

Microtus pinetorum pinetorum (LeConte), Pine Vole. We found M. 
pinetorum to be rare, but collected it in the ecotonal area between 
Carolina bays and their adjacent sand rims in Hoke (NCSM 3830) and 
Bladen (NCSM 4182) counties, and in dry areas adjacent to stream- 
head forest. Most of the study sites we visited were too damp to support 
this vole, but it is common in some drained agricultural areas that 
apparently had once been Carolina bays. 

Ondatra zibethicus macrodon (Merriam), Muskrat. Although found 
throughout most of the Coastal Plain in marshes, ponds, and shallow 
areas of lakes and impoundments, Muskrats are not generally associated 
with pocosins or Carolina bays. Only in the drainage canals within 
pocosin areas in Dare and Pasquotank counties were they common. We 
have reports of muskrats in Sugg's Mill  Pond, Bladen County, but in 
this particular Carolina bay the water levels are artificially maintained 
by earthen dikes and dams. 

Synaptomys cooperi helaletes (Merriam), Southern Bog Lemming. 
This disjunct Dismal Swamp race of the Bog Lemming had not been 
found between 1896 and 1979 and there was some concern that it was 
extinct. Subsequently it was collected by Rose (1981b) in both the Vir-  
ginia and North Carolina portions of the Swamp. In addition, we have 
a single specimen (NCSM 4019; Lee et al. 1982) from near Elizabeth 
City, and David Webster, UNC-Wilmington, informed us that he has 
collected this lemming in a young upland pine plantation near Mer- 
chant's Mill  Pond, Gates County, North Carolina. Thus, the race is 
considerably more widely distributed than previously known. Rose 
(1981a) documented its ability to invade clearings with heavy herba- 
ceous ground cover. Intensive trapping on the Albemarle-Pamlico penin- 
sula by NCSM personnel, in what we regarded as optimum habitat for 
the species, indicated that this rodent does not occur south of Albemarle 
Sound. In fact, it appears to occupy a pocket in northeastern North 
Carolina and southeastern Virginia in which Sigmodon is absent. Based 
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on recent habitat information it seems that these two rodents are ecolog- 
ically similar in the Southeast. 

Mus musculus (Linnaeus), House Mouse. This is the only exotic spe- 
cies that we encountered regularly in our study. Although common 
along road shoulders and windrows in Dare County, and in suburban 
sites in drained or altered bays in Bladen County, it was not found in 
any natural sites. 

Carnivora: Carnivores 

Vulpes fulva fulva (Desmarest), Red Fox. The Red Fox apparently 
avoids pocosins and is uncommon on sand rims. Agricultural workers 
in Dare County informed us that Red Foxes did not appear locally until 
extensive areas had been cleared for agriculture. 

Urocyon cinereoargenteus cinereoargenteus (Schreber), Gray Fox. 
Unlike the Red Fox, Urocyon is common in most densely wooded habi- 
tats, including pocosins. Individuals are often seen running on sand rims 
and ridges between Carolina bays and stream-head forests. 

Ursus americanus americanus (Pallas), Black Bear. With the excep- 
tion of the Sandhills sites in Hoke and Moore counties, bear popula- 
tions still persist in all of our study areas. In 200 field-days we saw five 
individuals, and fresh tracks were found on about a dozen occasions. 
Pocosin communities contribute to the diets of Black Bears. Buell and 
Cain (1943), for example, reported bears feeding on Smilax fruits, and 
on young Smilax vines growing from seeds in bear scats. 

Radio telemetry tracking of bears has been conducted in Dare (Hardy 
1974) and Bladen counties (Hamilton 1978; Landers et al. 1979). In 
Dare County bears appeared to use all cover types, including pocosins 
(Hardy 1974). The preferred habitats were characterized by the presence 
of diverse and generally dense vegetation and close proximity to rela- 
tively extensive roadless areas. Hardy (1974) listed the order of habitat 
preference as forested areas, older burns, more recent burns, and clear- 
cuts. Landers et al. (1979) related seasonal habitat use in Bladen County 
to foraging, denning and escape behavior. Carolina bays, which com- 
prise about 44 percent of the county, received the most use by foraging 
bears and contributed the greatest volume of natural foods to their diet. 
Corn was a major component of the diet in every month, and the prin- 
cipal food item during seven months of the year. All  radio-monitored 
bears that denned were found to bed on nests on the ground in very 
dense thickets of Fetterbush and greenbrier. Large swamps provided the 
best escape cover, which is probably the most critical component of 
Black Bear habitat (Landers et al. 1979). Of 45 known bear mortalities 
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in Bladen County from 1974 to 1976 none occurred in swamp forests 
(Hamilton 1978). Most bays containing dense vegetation, though, were 
too small to provide adequate cover. Access roads on sand rims and 
between bays also increased the vulnerability of bears to hunters. 

Procyon lotor lotor (Linnaeus), Raccoon. Raccoon tracks or foraging 
animals were seen or collected in all communities except white cedar 
forest, and at all sites studied. At no site were Raccoons particularly 
common. 

Mustela frenata noveboracensis (Emmons), Long-tailed Weasel. Based 
on tracks, road-killed specimens, and interviews with trappers, weasels 
are regular but uncommon inhabitats of pocosin communities. We have 
reports from savannas (Brunswick County), bay and white cedar forest- 
ed Carolina bays (Bladen County), and pine-shrub bogs (Dare and 
Bladen counties). This weasel is probably found in most woodland 
habitats. 

Mustela vison mink (Peale and Palisot de Beauvois), Mink. We have 
only one personal record of this animal from the study areas, but Dare 
County fur trappers informed us that minks are rather common along 
local drainage canals. Specific sites described to us were in mature ever- 
green bay and swamp forests. We saw tracks in a dirt road bisecting a 
wet section of Jerome Bog on the Bladen-Cumberland County line. 

Lutra canadensis lataxina (F. Cuvier), River Otter. This mustelid is 
relatively common in freshwater canals and estuarine systems bordering 
pocosins in Dare County, and we have accumulated enough records to 
assume it occurs in all the Bladen Lakes of Bladen County. Otters were 
not recorded elsewhere. 

Lynx rufus floridanus (Rafinesque), Bobcat. Although we found Bob- 
cats or their tracks in only a few habitats, they probably occur occa- 
sionally in most Coastal Plain habitats. Tracks were seen at nearly all 
our study areas, and their frequency indicated that Bobcats must be 
relatively common. Using radio telemetry, Lancia et al. (in press) fol- 
lowed eight Bobcats for one to five months in the Croatan National 
Forest, Carteret County. Home range was larger than reported in other 
studies in the Southeast and varied from 12.37 to 50.35 km2, with males 
having larger ranges. Females avoided pocosins and preferred agricultur- 
al lands, but otherwise habitat use was in proportion to availability. 
Lancia (pers. comm.) noted that the animals they studied were asso- 
ciated with edges of pocosins when these habitats were used, and gener- 
ally avoided interiors of extensive pocosins. A little-known book by the 
Hon.  Wm.  Elliott (1918) contains a chapter on hunting   Bobcats in 
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South Carolina. Excerpts from part of this chapter (see Appendix to 
this paper) provide some anecdotal insights into the nature of pocosins 
as a refuge for game animals, the behavior of pursued Bobcats, and the 
perpetuation of eyewitness accounts of "black"  panthers in the Southeast. 

Artiodactyla:  Hoofed Mammals 

Odocoileus virginianus virginianus (Zimmerman), White-tailed Deer. 
White-tailed Deer were observed in all habitats and at all study sites. 
Deer are now widely distributed throughout the Coastal Plain, although 
from the turn  of the century through the 1930s they were reduced to a 
few remnant herds confined to the pocosin areas of the Albemarle- 
Pamlico Peninsula and to the Green Swamp area. Restocking and pro- 
tection have been successful and the adaptability of deer is seen in their  
presence in 12 of the 13 habitats presented in Table 1. 

Capra hircus (Linnaeus), Domestic Goat. Feral goats are quite com- 
mon in the low shrub pocosins in southern Dare County. Land owners 
queried by us were not aware of their origin or how long they have been 
present. Hill  (1973) reported on some goats "gone wild"  in the Dismal 
Swamp in Virginia.  We have not included them in Tables 1 or 2. 

Recently Extirpated Mammals 

Canis sp., Wolf. Based on place names and bounty records of the 
early 1700's through the 1800's, there is no doubt that wolves ranged 
throughout eastern North Carolina. There is some question, in our 
minds, however, whether the wolves were Canis lupus, the Gray Wolf, 
or Canis niger, the Red Wolf, or both. The Red Wolf  was found at least 
as far north as Charleston, South Carolina (records at the Charleston 
Museum), and there is no reason to suspect that it did not range into 
coastal North Carolina as well. Pocosins and Carolina bays would 
appear to make ideal haunts for Red Wolves. Elliot  (1918) noted that 
wolves were almost extinct in the maritime sections of the Carolinas and 
Georgia in 1867. We are not aware of any bounties paid on wolves in 
the Coastal Plain of North Carolina after the mid-1700s. As indicated 
by records in the North Carolina State Archives, in 1721 Chowan 
County paid bounties on "bobcats, panthers and wolves this year."  

Places named for wolves in eastern North Carolina include Wolf  
Bay, Bladen County; Wolf House Point, Currituck  County; Wolf Pit 
Creek, Hoke County; Wolf Pit Township, Richmond County; Wolf-  
scape Township, Duplin County; and Wolf  Swamp, Onslow County. 

Felis concolor ssp., Panther. We know of no Atlantic  Coastal Plain 
specimen records that would indicate the subspecific status of Felis con- 
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color in North Carolina. It is reasonable to assume that Felis c. coryi 
(Bangs), like various other "Florida" races of mammals, ranged into the 
southeastern part of the state. Specific records for Felis concolor in the 
North Carolina Coastal Plain are few. We are aware of the following: 

1721. Chowan Co. bounty records. (North Carolina State Archives). 
1776. "Wicker Davis was paid by court 10 shillings for killing a 

panther." Carteret Co. court minutes, vol. X, page 327. 
Some years before the Civil War. One killed in Rose Bay, Hyde 

County (NCSM records). 
1900. Trapped in a pocosin in Craven County (NCSM records). 
1930. Washington County, Lake Phelps, "skin seen by biologists" 

(NCSM records). 
Additionally, there are at least five Coastal Plain localities named after 
Panthers, presumably each representing encounters of early settlers with 
this cat. There are three different Panther Creeks, one each in Duplin, 
Pitt, and Sampson counties; Panther Swamp, Northhampton County, 
and Panther Swamp Creek, Greene County. 

Sight records of Panthers still continue to be reported. Lee (1977) 
surveyed the numerous reports, and the information in our files has led 
to the following conclusions: 1) no recent reports of panthers in North 
Carolina are authenticated by specimens, photographs, identifiable 
tracks, hair samples, or scats; 2) seemingly reliable reports accumulated 
over the last 80 years have clustered in a few specific areas; 3) the fre- 
quencies and localities of Panther reports are directly related to past 
and present distributions and numbers of White-tailed Deer; and 4) 
based on a four-point scale of reliability (Lee 1977), nearly all reliable 
Coastal Plain sight records are from pocosin-rich areas. Forty-four 
records of Panther sightings in 20 eastern North Carolina counties were 
reported to the State Museum in the 1970's, but none was substantiated 
by photographs, footprints, or by other means. Unless evidence to the 
contrary appears, we consider the Panther extirpated. 

DISCUSSION 
Of the 40 mammals found, probably only Blarina sp., Pipistrellus 

subflavus, Sylvilagus palustris, Sciurus carolinensis, Peromyscus gossy- 
pinus, Ochrotomys nuttalli, Urocyon cinereoargenteus, Ursus america- 
nus, Procyon lotor, and Odocoileus virginianus occur with enough den- 
sity or regularity to be considered typical (although not characteristic) 
inhabitants of pocosin/ Carolina bay communities. When open savannas 
are included in this system, Cryptotis parva and Sigmodon hispidus 
should be included. All  species, except possibly the Black Bear, can be 
found in equal or greater abundance in many other Coastal Plain habi- 
tats and therefore are not to be regarded as index species for pocosins. 
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In North Carolina, only a few species are so geographically re- 
stricted that they would not be expected wherever pocosin habitats exist. 
Two North Carolina mammals, Microtus pennsylvanicus and Synap- 
tomys cooperi, are limited to the northeast section of the state. All  oth- 
ers, except Sciurus niger, Castor canadensis and to a lesser extent Ursus 
americanus, appear to be more or less uniformly distributed throughout 
the Coastal Plain. The Fox Squirrel is absent from pocosin areas in the 
northeastern counties, probably because of a lack of adjacent sand rims, 
open canopy pine forests, and mast-producing oaks. Through restock- 
ing, the beaver is now widely, but not uniformly, established in the 
Coastal Plain. Bears have been locally extirpated from the Sandhills 
area. 

Most of the mammals discussed here are opportunistic species that 
exploit early and intermediate successional stages of many types of plant 
communities. Several (Sciurus niger, Glaucomys volans, Microtus 
pinetorum and the aquatic mammals) are associated only with pe- 
ripheral communities of bays (sand rims) or aquatic systems and not with 
pocosin vegetation per se. Most species appear to exist normally in low 
densities within true pocosins and become common only in disturbed 
areas or ones with temporary vegetative shifts caused by fire or storms. 

SEQUENCE OF SUCCESSION 

We interpret the sequence of successional changes of the plant/- 
mammal communities in the stages shown below (mammals listed in 
approximate order of abundance). It should be emphasized that these 
lists of characteristic mammals do not represent total faunal lists as 
presented in Table 1, but indicate only species regularly found in each 
major community type. The sand rim associates of Carolina bays, as 
well as those of other community types, are listed in Table 1. 

Early Stages.— Sedge/grass/rush communities (canopy and shrubs 
removed by fire or man) and savannas. 

Characteristic: Oryzomys palustris, Sigmodon hispidus, Microtus 
pennsylvanicus, Cryptotis parva, Reithrodontomys humulis, Syl- 
vilagus palustris. 

Occasional: Peromyscus leucopus, Mus musculus, Blarina sp. 

Intermediate Stages.— Pine-shrub bogs. 
Characteristic: Peromyscus gossypinus, Pipistrellus subflavus, Syl- 

vilagus palustris, Odocoileus virginianus, Ursus americanus. 
Occasional: Sylvilagus floridanus. 

—White cedar forests (mature dense forest). 
Characteristic: Blarina brevicauda. 
Occasional: Sciurus carolinensis. 
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Advanced Stages.— Evergreen and deciduous bay forests. 
Characteristic: Sorex longirostris, Blarina sp., Sciurus carolinensis, 

Peromyscus gossypinus, Ochrotomys nuttalli, Urocyon cinereoar- 
genteus, Ursus americanus, Procyon lotor. 

Occasional: Sylvilagus palustris, Lynx rufus, Mustela vison, Pleco- 
tus rafinesquii, Didelphis virginiana. 

We have not adequately surveyed white cedar forests and savannas. 
Our limited information (Table 1), however, suggests low diversity and 
density in white cedar forests and variable or highly fluctuating densities 
in savannas. In the cedar forests, most mammal activity seems to be 
restricted to edges (we also found this to be true of breeding birds). In 
savannas, periodic flooding and fire limit populations, but the quick 
response of grasses and other herbaceous plants after burning provides 
excellent cover and food, and denuded areas are probably repopulated 
quickly. 

FACTORS AFFECTING DENSITY AND DIVERSITY 

Natural ecotones, openings, and edges caused by land-use practic- 
es, were far more productive for mammal trapping and observing 
mammal signs than were the interiors of pocosins. This can be attri- 
buted to generally good cover in these areas, a richer diversity of food 
plants, and a slight relief in topography that provides temporary refuge 
from seasonal flooding. In grass and sedge stages we found high mam- 
mal densities, and in several instances had over 50 percent trapping suc- 
cess. Semi-flooded Juncus areas produced some interesting results. 
Early in our studies of one such site we found Microtus (60% of total 
catch), Reithrodontomys (23%), and Oryzomys (8%) to be the dominant 
mammals. In following years, however, as the community matured and 
grasses dominated the vegetation, Oryzomys (50%) and Sigmodon 
(33%) became the more abundant species. Artificially  maintained sys- 
tems (mowed, grazed and drained, etc.) created habitats in which species 
not typical of pocosins, such as Scalopus, Sylvilagus floridanus, Mus, 
and Vulpes, appeared and often became numerous. 

Although small mammals of many types quickly colonize early 
(open canopy) successional stages (Rose 1981a, and this study), the 
limited plant diversity probably does not provide a year-round food 
base in the intermediate (i.e., pocosin) successional stages adequate to 
attract or support small mammals. Thus, except for ecotones and natu- 
ral or man-made openings, typical pocosin communities support very 
low densities of mammals, and at any single site usually a low diversity 
of species as well (see above lists of early and intermediate successional 
species). In contrast, efforts were made to sample the interiors of poco- 
sins and bays. The interior of these dense communities where the canopy 
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or subcanopy is closed do not seem to be frequented by any mammal 
species, although they are certainly used for refuge by several large 
species. 

Overall, the influence of fire is more positive than negative for 
mammals. Plants associated with pocosins respond quickly to burning, 
and the new growth of herbaceous species and the temporary openings 
in shrub layers generally result in an increase in small mammals. Areas 
we trapped in mainland Dare County one and two years after a major 
fire in extensive Pond Pine-shrub and Pond Pine-cane pocosins pro- 
duced higher trap yields than did adjacent unburned areas. Burned or 
clear-cut sand rims and burned stream-head forests also had higher trap 
yields than those that were unburned for long periods. The fire resistant 
pines, most shrub root stocks, and moist soils would protect arboreal 
and terrestrial species of mammals from burning. 

In many areas the plant communities are perched on hard subsoils 
that form natural basins; these basins retain surface water in the organic 
topsoils. Root systems of many of the bay forest trees usually do not 
penetrate the subsoils, and the limited support offered by these shallow 
peat soils makes larger trees extremely vulnerable to strong winds and 
ice storms. In addition, frequency of blow downs is high because many 
such trees are "crown heavy," a result of early competition with the 
normally dense understory vegetation. During the spring of 1983 we 
found extensive uprooting and limb breakage of trees (particularly Red 
Maple, Red Bay and Atlantic White Cedar) in Carolina bays in Bladen 
County and white cedar forests in Brunswick County. This damage was 
caused by late March snow and ice storms. Hurricanes and tornados 
would certainly cause even greater damage. Buell and Cain (1943) 
observed areas where the weight of Smilax climbing into the canopies of 
white cedar forests caused trees to uproot. Thus, natural openings in 
advanced successional stages are commonplace. They provide numerous 
sites for shade intolerant plants and for early successional and ecotonal 
faunas to maintain populations during periods when pocosins are in 
intermediate and advanced stages of development. Modest mammal 
diversity and density is apparent in such openings. 

Degree and duration of flooding of pocosin communities is 
extremely variable. In general, areas with organic soils have protracted 
hydroperiods, whereas those with mineral soils have comparatively 
short hydroperiods. Local topography, the nature of soil types of adja- 
cent communities, and land drainage also affect the amount of standing 
water. As expected, the soils in most communities remained saturated 
for extended periods. However, presence or absence of small mammal 
populations is dictated by the retention of standing surface water. The 
following comments provide examples of the effects that flooding has 
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on the composition of local mammal diversity and density (as gauged by 
trap-night  success, shown in parentheses). 

Dare County.—North side of Milltail  Lake; 525 trap-nights in a 40- 
70 year pure stand of white cedar yielded three Blarina brevicauda 
(0.56%). A dense ground cover of sphagnum and other mosses, and 
numerous stumps and fallen logs, provided ideal microhabitats for small 
mammals. However, a later visit to the site revealed that strong winds 
regularly pushed lake water deep into the cedar forest, leaving only 
small, isolated hummocks unflooded. 

Bladen County.—Salters Lake. Regular winter flooding, and period- 
ic partial  flooding at other seasons, of a mature Carolina bay forest 
apparently limits the local fauna in the bay forest. In 1,120 trap-nights 
in winter we collected only 6 Peromyscus gossypinus and 1 Ochrotomys 
nuttalli  (total 0.62%), but in April,  after standing water subsided, trap 
success (1.39%) was somewhat higher. Blarina sp. were also present but 
collected only in pitfall  traps. 

Hoke County.—McCain study site. In trapping the interior  of a 2 
hectare Carolina bay dominated by high shrub, in which areas with 
good cover for small mammals were numerous, we collected one adult 
Peromyscus gossypinus in 460 trap-nights (0.2%). Although the interior  
of the bay remained free of long-term standing water for at least two 
years (1980-82), heavy rains for extended periods in the spring of 1983 
flooded over 80% of the interior  of this bay and the clay-based subsoils 
retained the water for at least four months. Deer and rabbit  (presuma- 
bly S. palustris) sign were the only indications that the interior  was used 
by mammals other than Peromyscus. Density and diversity were greater 
around the edges of the bay. 

Pender, Dare, and Bladen Counties (shrub bogs).—On all visits, 
standing water was so prevalent that we did not normally attempt to set 
traps. (One attempt at trapping in Dare County yielded no mammals in 
250+ trap-nights.) Even in the long-term absence of flooding, mammal 
populations in the interiors of pocosins probably are depauperate, an 
effect of seasonally limited food supplies. The characteristic plants are 
not true mast producers, and the majority  of plant species hold their  
seeds for extended periods, rendering them inaccessible to ground- 
foraging mammals. In the interior  of dense, intermediate-to-advanced 
pocosins, the exclusion of light prohibits flowering and fruiting  of most 
understory plants (pers. observ.). From midwinter  through early spring 
(normally the typical flood period) food resources in pocosin interiors  
are minimal. In all seasons very low raptor  densities correlate with low 
densities of small mammal prey, a further  indication of minimal availa- 
bility  of food plants for rodents. Breidling et al. (1983) addressed the 
problems of interpreting  low density and diversity in four Dismal Swamp 
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plant communities. Interestingly, they suggested that no single factor 
was responsible, but discussed the impacts of low food availability and 
flooding. 

The paucity of small mammals in pocosins and related communi- 
ties can be illustrated by comparing trap-night success in those habitats 
with success in other habitats. For example, 3,000 trap-nights in pocosin 
communities (data pooled from Bladen, Hoke and Dare counties) had 
only a 2.06 percent capture success, and 1,000 trap-nights in mature 
evergreen bay forest in Bladen County had 1.23 percent success. On the 
other hand, 2,000 trap-nights in non-pocosin habitats in Currituck 
County averaged 6.1 percent trapping success, and 365 trap-nights in 
upland habitats of various types adjacent to Carolina bays in Bladen 
County yielded 7.12 percent success. The point here is that plant com- 
munities, not geography, are responsible for the relative densities. 

POCOSIN SYSTEMS AS REFUGIA 

Lee et al. (1982) discussed the occurrence in pocosin-rich areas of 
relicts such as Synaptomys cooperi, semi-relicts such as Condylura cris- 
tata and Marina brevicauda, and species at the limits of their ranges. 
About 25 percent of the mammals associated with pocosins fall into one 
or another of these categories. Species that reach their northern distri- 
butional limits on the Atlantic slope within the Dismal Swamp area 
include Plecotus rafinesquii, Sylvilagus aquaticus, Peromyscus gossypi- 
nus, Ochrotomys nuttalli, and to a lesser extent Sigmodon hispidus. 
Except for fragmented populations of Condylura cristata and saltmarsh 
populations of Microtus pennsylvanicus that occur farther south, the 
Dismal Swamp area is also the southern limit for northern species that 
invade the southeastern Coastal Plain on the Atlantic slope. These 
include C. cristata, M. pennsylvanicus, and S. cooperi, and possibly M. 
lucifugus and B. brevicauda. Furthermore, Condylura cristata and 
Sorex longristris each reach the southern extremes of their ranges in 
pocosin-like communities, the former in the Okefenokee Swamp, Geor- 
gia (Paradiso 1959) and the latter in the Green Swamp, Polk County, 
Florida (Hill 1945). Their southernmost populations appear to be 
somewhat disjunct from populations to the north. 

Pocosin habitats may have provided refugia for both northern and 
southern species since Pleistocene times, allowing populations to persist 
beyond otherwise normal distribution limits. The protective evergreen 
vegetation and the heat retention of high water tables should buffer the 
extremes of severe winter weather, while shade and evaporative cooling 
could be expected to ameliorate extreme high temperatures of Coastal 
Plain summers. Hibbard (1960) postulated that in the late Pleistocene 
(ca.  16,000 years ago) a period of climatic equality existed, in which 
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milder winters and cooler summers prevailed. These conditions allowed 
northern species to extend farther south and subtropical species farther 
north than they do today. This hypothesis is supported by evidence 
from various Southeastern fossil deposits (Holman 1976, 1982; 
Slaughter 1975). It is well documented that boreal elements were estab- 
lished in the Southern Applachians during the Pleistocene, but the pres- 
ence of northern species in the Coastal Plain is not generally recognized. 
Whitehead (1963) discussed northern elements of Pleistocene flora in 
the Southeast and included information on two North Carolina Coastal 
Plain bays. Based on fossil pollen from Singletary Lake and Rockhound 
Bay, Whitehead showed that northern plants once were present in east- 
ern North Carolina. 

Whether floral and faunal elements reached their distributional lim- 
its as a result of the effects of glacial displacements and interglacial 
warming periods as is widely accepted, or did so simultaneously during 
a period of climatic equality, is not critical to this discussion. Either 
situation could produce the current assemblage of northern and south- 
ern elements that persists on the outer Coastal Plain of North Carolina. 
However, it is interesting that in some areas, well beyond their typical 
distributional limits, both northern and southern elements now coexist. 
As the climate shifted to the present regime, some relict and semi-relict 
populations were stranded along the outer Coastal Plain as well as in 
the southern Appalachians. Just as frost pocket bogs, areas of high ele- 
vation, and cove forests provided local refugia in the mountains, poco- 
sins and Carolina bays apparently have done so on the Coastal Plain. 

POCOSINS AS KEY COASTAL PLAIN HABITATS 

In addition to their roles as geographic refugia and climatic buffers, 
pocosins and Carolina bays were important as natural stands of early 
successional habitat. Their subclimax communities and complex zona- 
tion provided habitats for early to intermediate successional mammals 
that in precolonial times would not otherwise occur regularly on the 
Coastal Plain. Today, pocosins and related communities are not criti- 
cally important for the geographical maintenance of most early succes- 
sional mammal species because grazing, mowing, lumbering and similar 
activities produce a wide array of early successional stages over exten- 
sive areas. For example, Robinson and Lee (1980) pointed out that 
Marmota monax was unable to invade the Piedmont Plateau and Coast- 
al Plain in the Southeast prior to extensive artificial maintenance of 
early upland communities and corriders for dispersal. The same is prob- 
ably true for Vulpes fulva (Lee et al. 1982). Thus, for animal species 
already associated with pocosins and therefore widely distributed across 
the Coastal Plain, local expansion of their populations into disturbed 
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upland habitats is not surprising. In other words, species that may have 
been confined to pocosins in the past because of ecological restrictions 
are now able to exploit a wide array of disturbed community types as a 
result of agricultural  and other activities. 

Since pocosins and Carolina bays are extensive on the outer Coast- 
al Plain, dispersal of small lowland mammals from one to another is 
feasible. River floodplain swamps can also facilitate dispersals of pocosin 
colonizers. Although these swamps would provide climatic buffers sim- 
ilar  to those found in pocosins and Carolina bays, their frequent and 
rapid flooding and periods of protracted submergence make them un- 
suited to support permanent small mammal populations. Compared to 
adjacent upland communities, our trapping experience indicates that 
Coastal Plain swamps have extremely depauperate mammal faunas. 

Bears, deer, bobcats and, until  recent times, probably panthers and 
wolves, frequented pocosins and Carolina bays in the Coastal Plain. 
Within  the last century most of those species had become confined to 
these areas, but this may have been an artifact  of uncontrolled harvest 
before modern game management programs were developed and not a 
reflection of the specific habitat needs of these animals. Populations 
simply persisted in the inaccessible reaches of extensive pocosins longer 
than they were able to in other parts of the Coastal Plain. In eastern 
North Carolina, White-tailed Deer became restricted to a few pocosin 
areas by the turn  of the century, and only in the last 30 years or so have 
they again become common in other areas and habitats. 

PRESERVATION AND MANAGEMENT  

We are concerned about pocosin preservation, but find the argu- 
ment that these areas harbor many rare and unique faunal elements to 
be overstated, at least for mammals and birds (personal observations). 
As we have shown, pocosin mammal faunas generally consist of species 
with wide ecological tolerances and abilities to exploit early successional 
stages and areas disrupted by human activities. Pocosin areas should be 
preserved for a variety of reasons, but our present knowledge of the 
vertebrate fauna leads us to suggest that wildlife  values for mammals 
(except the Black Bear), may not be a primary  concern. Our results indi-  
cate that some types of alterations, when followed by normal succes- 
sional patterns, actually increase species diversity and density of mam- 
mals and birds in Carolina bays and pocosins. Unpublished results of 
research by others indicate that this may be true of a variety of verte- 
brates. This is not surprising, because many such alterations simply 
change pocosin habitats in ways similar to those in which they are mod- 
ified by fire and fluctuating water tables. 

Lee and Funderburg (1977) discussed the conservation status of 
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North Carolina mammals, and listed as "status undetermined" Blarina 
brevicauda telmalestes, Sorex longirostris fisheri, Lasiurus seminolus, 
Plecotus rafinesquii macrotis, Microtus pennsylvanicus nigrans, and 
Synaptomys cooperi helaletes, all associated with pocosins and Carolina 
bays. Ursus americanus was considered of special concern, and Felis 
concolor as endangered and possibly extirpated. Later information  on 
the "undetermined"  species and races has shown them to be more com- 
mon or widespread than previously suspected (see Lee et al. 1982; Rose 
1981a; and this study). The number of known localities of extant popu- 
lations has at least doubled for all these mammals, and some are now 
known to be widespread and even common. In the case of the Black 
Bear, though, pocosins and related habitats play a more than minor role 
where survival is concerned. A significant percentage of the surviving 
Coastal Plain bears is closely associated with pocosins and Carolina 
bays. Modern hunting methods, however, may make even extensive 
pocosins unsafe sanctuaries for bears. 

The classification of pocosins and Carolina bays as types of wet- 
lands, although in our opinion correct, has led others to a general 
assumption of high wildlife  values despite the lack of systematic inven- 
tories. Misconceptions, absence of standard definitions, and lack of 
comparative information from other Southeastern wetland habitats, 
have also contributed to the problems of inventory and projection of 
habitat loss. Accurate assessments of the wildlife  values of pocosins are 
further  hampered by the lack of comparable historical comparisons of 
the mammalian fauna in the Southeast in general, and in the North 
Carolina Coastal Plain in particular.  
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Appendix 

The Hon. Wm. Elliott and his friends regularly employed dogs to hunt 
Bobcats in Carolina bays and bay heads near Beaufort, South Carolina. The 
following is Elliott's (1918:142-145) description of the habitat and the hunt. 

"...quagmire at the surface, briers above (wherever their places were not 
preoccupied by bay-trees, that, for want of elbow room, had grown up as 
straight as canes, and almost as close)... and where the cat... had ensconced 
himself behind an entrenchment of briers, which hounds, unless their blood was 
heated by pursuit, would not willingly  enter—so that he remained undetected. 

"The hounds had not long entered the thicket, in which (from finding at its 
edge the remains of a half-devoured rabbit) we concluded that the cat still 
lurked,... and soon, a burst from the pack assured us that the cat was roused... 
But he keeps the cover, which is so thick as to defy the keenest sight; and circles 
it securely, leaving the dogs to tear their way through the briers. 'Ha! what is 
that? a shot!—another!'... Another shot! ah, now they pause—one savage 
growl—one stifled cry—and all is hushed..." [Three hunters surrounded the bay 
and each shot one or more times at the cat.] 

"'How now?' says the judge, 'what hocus pocus is here? This is a tawny, 
leopard-like animal, while I pronounce the cat I fired at to be bigger and 
blacker; I saw it clearly as it rolled over in the swamp at the flash of my gun.' 

"'My opinion, in this case, is precisely the same,' said the doctor. 'I fired at 
a black cat; the dogs must have changed cats during the chase!' 

"'So much the better, gentlemen,' said I; 'we shall then have two cats, 
instead of one. Put on the hounds, boys!' They were taken to the point from 
which the doctor fired; but the stupid animals could find no trail, but that which 
led them again to the spot on which the tawny cat lay dead! 

"... the cat, being duly subjected to a post-mortem examination, was found 
to have been struck by four out of the six shots fired at him—and the doctor's 
shot, of peculiar size, being lodged in his body, left no doubt of the fact, that the 
black cat of the doctor and judge was no other than the tawny cat of the rest of 
the field. Whether the change of color was in the skin of the cat, or the eye of 
the sportsman, or the distribution of light, we leave philosophers to determine." 


